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© Process for producing molding for precision fine line-circuit 



© A molding capable of forming a precision fine-line circuit by the subtractive method is produced from a 
liquid-crystal polyester resin composition comprising a melt-processable polyester (liquid-crystal polyester) 
capable of forming an anisotropic molten phase and an inorganic filler added thereto, the molded composition is 
etched and a metallic coating is then formed on the etched surface by sputtering, ion plating or vacuum 
deposition. 
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PROCESS FOR PRODUCING MOLDINGS FOR PRECISION FINE-LINE CIRCUITS 



The present invention relates to a process for forming a metallic coating on the surface of a molding 
which is prepared by molding a resin composition comprising a melt-processabie polyester capable of 
forming an anisotropic molten phase (hereinafter referred to as "liquid-crystal polyester") and which gives a 
molding capable of forming a precision fine-line circuit by the subtractive method. The invention also relates 

5 to moldings produced by this process. 

In particular, the present invention relates to a process for producing a molding capable of forming a 
precision fine-line circuit by the subtractive method, wherein a molding prepared by molding a liquid-crystal 
polyester resin composition having excellent heat resistance and moidability can be efficiently coated to 
form a metallic coating on the surface thereof. 

10 Liquid-crystal polyesters are rigid polymers, unlike well-known thermoplastic polyesters such as 
polybutyiene terephthalate or polyethylene terephthalate. Their molecular chains are difficult to bend and 
keep their rod-like shapes even in a molten state. Therefore, the molecules are entangled with each other 
only to a small extend even in a molten state and are orientated in one direction by even a slight shearing 
force. They are thus crystalline even in .the liquid form, namely, they are liquid crystals. 

75 Although liquid-crystal polyesters can be molded by an ordinary injection molding process and have 
excellent moidability, heat resistance and dimensional stability, they have a defect in that the surface layer 
of a molding prepared by molding them peels off to cause a fuzzing due to the strong orientation thereof. 
Thus they have not hitherto been successfully subjected to a surface processing such as vacuum 
deposition, ion plating or sputtering. 

20 Although it might be thought possible to roughen the surface of a liquid-crystal polyester by pretreat- 
ment with a chemical used for treating ordinary resins, the surface of the molding thus prepared is 
chemically quite inert and has no affinity with any solvent. Thus it is impossible to roughen the surface by 
removing the oriented surface layer. Another method of surface roughening comprises adding an inorganic 
filler for weakening the strong orientation of the liquid-crystal polyester resin or an additive which can be 

25 easily leached and treating the surface with a strong acid or alkali solution. However, when a conductive 
circuit is formed on the etched surface by. for example, wet plating according to electroless plating, a 
fragile oxide film is formed between the metallic coating and the material by water incorporated in the wet 
step and impurities contained in the solution used for the treatment, thereby reducing the adhesion of the 
metallic coating to the material. Thus, a higher surface roughness is necessary to obtain a higher adhesion. 

30 In this case, a resist ink for forming a circuit pattern is attached to only part of the surface because of the 
unevenness of the surface of the base plate entirely coated with the metal, and in the pattern-sticking 
method with a dry film, the adhesion of the film to the molding is poor. Since the thickness of the metallic 
coating formed on a highly rough surface is uneven, the formation of a precision fine-line circuit by the 
subtractive method is difficult. 

35 When a metallic coating is directly formed on a base plate improved in only orientation by vacuum 
deposition, sputtering or ion plating, the adhesion of the coating is poor, though a smooth surface can be 
obtained. Thus this process is impractical. Particularly when an ordinary thermoplastic resin is subjected to 
vacuum deposition, sputtering or ion plating, a gas is generated in too large an amount from the raw 
material in vacuo to allow a metallic coating having excellent properties to adhere to the resin firmly. 

40 Although The liquid-crystal polyester is substantially free from the problem of gas formation, no metallic 
coating can be firmly adhered thereto for the above-described reasons. Even when a precision fine-line 
circuit is to be formed by the subtractive method on a board prepared by adding an inorganic filler readily 
soluble in an acid or alkali to the resin, etching the resulting resin with te acid or alkali and subjecting the 
etched resin to an ordinary electroless plated to form a metallic coating on the entire surface, the minimum 

45 possible line width is 0.30mm and the minimum possible space width is 0.30mm in a circuit produced by 
the conventional process. In addition, when the surface roughness is improved in order to increase the 
fineness of the lines, the adhesion of the coating film thereto is reduced impracticably. 

The terms "line width" and "space width" as used herein refer to the width of each line of the circuit 
and the space between the lines adjacent to each other, respectively. 

so Liquid-crystal polyesters have features such as a low coefficient of linear expansion comparable to the 
coefficient of thermal linear expansion of an ordinary metal and a thermal resistance which causes no 
trouble even when it is dipped in a soldering bath at 260° C for 10 sec. 

Although investigations have been made for the purpose of developing a process for coating the 
surface of a molding with a metal in order to improve the above-described surface properties and to 
produce parts joined to a metal with an adhesive or molding plated with a metal, taking advantage of these 
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properties of the liquid-crystal polyester, no satisfactory process has hitherto been found. 

The present invention arose from investigations into producing a molding suitable for forming a 
precision fine-line circuit by the subtractive method for forming a metallic coating closely adherent to the 
surface without impairing the physical and chemical properties of the liquid-crystal polyester and also 

5 without forming any easily peelable surface layer, taking advantage of the advantageous thermal properties 
of the liquid-crystal polyester. The inventors have found that a firmly adherent metallic coating can be 
formed on the surface of a molding made of a composition comprising a liquid-crystal polyester and an 
inorganic filler added thereto when the molding is etched, dried by dehydration and surface-treated by 
sputtering, ion plating or vacuum deposition. By this process, a better precision fine-line circuit than that 

io produced by a conventional process can be obtained according to the subtractive method. The present 
invention has been completed on the basis of this finding. 

Thus the present invention provides a process for producing a molding capable of forming a precision 
fine-line circuit by the subtractive method, characterised in that a molding prepraed by molding a liquid- 
crystal polyester resin composition comprising a melt-processable polyester (liquid-crystal polyester) 

75 capable of forming an anisotropic molten phase and an inorganic filler added thereto is etched and then 
treated to form a metallic coating on the surface thereof by sputtering, ion plating or vacuum deposition. 

The subtractive method for forming a circuit herein comprises coating or laminating the entire surface of 
a molding with a conductive material such as a metal, coating those parts of the surface which are 
necessary for forming a conductor pattern based on the circuit design with an acidproof material serving as 

20 an etching resist, dissolving in an etching solution in which the metal is soluble the metal in the conductor 
pattern-free parts which are not coated with any etching resist and removing the etching resist by dissolving 
it in a chemical to expose the conductor pattern, thus forming a circuit. 

The inorganic filler used in the present invention is preferably one or more inorganic fillers selected 
from the group consisting of the Group II elements of the periodic table and their oxides, sulphates, 

25 phosphates, silicates and carbonates or the group consisting of aluminium, silicon, tin, lead, antimony and 
bismuth and elements and the oxides. Particularly preferred inorganic fillers are one or more inorganic 
fillers selected from the group consisting of oxides, sulphates, phosphates and silicates of the Group li 
elements of the periodic table. 

The oxides of the Group II elements of the periodic table include magnesium oxide, calcium oxide, 

30 barium oxide and zinc oxide. The phosphates include magnesium phosphate, calcium phosphate, barium 
phosphate and calcium pyrophosphate. The sulphates include magnesium silicate, calcium silicate, ai- 
umimium silicate, kaolin, talc, clay, diatomaceous earth and woliastonite. 

These inorganic fillers are particularly preferred in the surface treatment (etching) of the molding with an 
acid or alkali prior to the surface treatment with the metal. Among them, the phosphates are preferred. In 

35 addition, one or more substances selected from the group consisting of aluminium, silicon, tin, lead 
antimony and bismuth and their oxides are also preferred. Particularly, amphoteric metals such as zinc, 
aluminium, tin and lead and their oxides are preferred. 

The amount of the inorganic filler is 5 to 80% by weight, preferably 20 to 70% by weight, based on the 
whole liquid-crystal polyester resin composition. If it is less than 5% by weight, nonuniform flow marks are 

40 formed on the surface of the molding and a thin film formed on the surface is easily peeled off the molding 
when an adhesive tape is applied to the surface and then stripped. In addition, uniform etching of the 
surface is impossible. If, on the other hand, it exceeds 80% by weight, the fluidity of the resin is reduced 
and the obtained molding has poor surface conditions and reduced mechanical strength. 

The inorganic filler is preferably in the form of a fine powder. Its average particle diameter is 0.01 to 

45 100um, preferably 0.1 to 30um and most preferably 0.5 to 10am. When the average particle diameter is 
less than 0.01um, lumps tend to be formed on the surface of the molding due to an insufficient dispersion 
and, on the contrary, when it exceeds 100um, the molding has such a poor surface smoothness that the 
formation of fine lines for a precision circuit by the subtractive method becomes extremely difficult and no 
good appearance can be obtained. 

so Fibrous inorganic substances are also conveniently used as the inorganic filler. They can be used either 
singly or in combination with the above-described finely pulverized inorganic filler. 

The fibrous inorganic fillers include fibers of glass, milled glass, carbon, asbestos, silica, silica/alumina, 
alumina, zirconia, boron nitride, silicon nitride, boron, potassium titanate and metals such as stainless steel, 
aluminium, titanium, copper and brass. They are used in an amount ranging from 1 to 60% by weight, 

55 preferably 5 to 40% by weight, based on the total composition for the molding. Preferably they have a 
diameter of 1 to 30um and a length of 5um to 1mm, particularly 10 to 100um. 

The preferred fibrous Inorganic fillers are glass fiber, milled glass fiber and potassium titanate fiber. 
Glass fiber is particularly preferred, it has been unexpectedly found that when the glass fiber is used in 
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combination with the above-described inorganic filler, the surface of the molding becomes more uniform 
and the adhesion of a metallic coating for forming a conductive circuit to the molding is further improved. 
Milled glass fiber which is ranked between the glass fibers and the finely pulverized glass from the view 
point of the balance between the surface roughness and the mechanical properties of the material is 
5 particularly preferred. 

It is not preferred from the viewpoints of the moldability and physical properties that the total amount of 
the finely pulverized inorganic filler and the fibrous inorganic substance exceeds 85% by weight based on 
the composition for forming a molding. 

In the etching of the molding, an acid, alcohol, alkali or water or a homogeneous mixture of two or more 

io of them is used. Among them, an aqueous solution of mainly an alkali metal hydroxide or potassium 
hydroxide is preferred. In a preferred embodiment, the etching is conducted with a 40 to 50 wt.% aqueous 
hydroxide solution at 40 to 60° C for 5 to 30 minutes. In a particularly preferred embodiment, the etching is 
conducted with an about 45 wt.% aqueous potassium hydroxide solution at 60° C for about 10 min. After 
the completion of the etching, the molding is immersed in a dilute hydrochloric acid or dilute sulphuric acid 

75 solution to neutralize the alkali solution remaining on the surface thereof and to remove the filler from the 
surface, thoroughly washed with water and dehydrated and dried with hot air at not less than 100° C or with 
a reduced pressure or vacuum dryer. 

Instead of the wet etching, an etching conducted under reduced pressure or in vacuo from the initial 
stage, such as plasma etching, sputter etching or ion etching is also convenient. 

20 In these methods, the molding is physically etched by energitic particles in a reduced pressure 
chamber. These methods are classified as described above according to the manner of the treatment. 

The term "plasma etching" herein refers to the following method of treatment: a plasma treatment 
chamber of a plasma treatment apparatus is evacuated to about 1.33mPa (1 x 10" 5 Torr), a very small 
amount of a gas is introduced thereinto (flow rate: 50 SCCM) and the gas atoms are excited by, for 

25 example, a high-frequency (radio wave: 13.56MHz) electrode to form a plasma. The molded base plate is 
exposed to the plasma atmosphere to attack the surface thereof with the plasma to roughen it physically, in 
the sputter etching method, a very small amount of an inert gas is introduced into a reduced pressure 
chamber of a sputter etching device, a high-frequency current or a high-voltage direct current is applied 
thereto to cause discharge, a cation of the inert gas thus formed is attracted to and impinged against the 

30 cathode, and the base plate is etched by the impact caused by the impingement. In the ion etching method, 
the same procedure as described above is repeated in an ion plating apparatus. 

The term "treatment of the surface to form a metallic coating" as used herein means a dry metal 
coating process to be conducted under reduced pressure or in vacuo . In particular, it means a process 
wherein a metallic coating is directly formed on a resin moiding by any of sputtering, ion plating and 

35 vacuum deposition. 

The molding is preferably produced by a molding means selected from among injection molding, 
extrusion molding and compression moiding. 

The liquid-crystal polyester used in the present invention is characterized in that the amount of a gas 
generated from it in a reduced pressure chamber is smaller than that generated from other materials. 

40 Although a thin metallic coating firmly adherent to the resin surface can be prepared merely by sputtering, 
ion plating or vacuum adhesion, the gas thus generated from the resin molding can be eliminated by 
heating and the hardness of the surface is reduced at the elevated temperature to further improve the 
adhesion of the metal atoms to the resin surface. The surface treatment with the metal is desirably 
conducted under a reduced pressure of 13.3 uPa to 133 mPa (10~ 3 to 10~ 7 Torr), or, if the treatment 

45 method so permits, more desirably 13.3 uPa to 1 .33 mPa (lO^ 5 to 10~ 7 Torr). 

Although the minimum possible line width and minimum possible space width of the conventional circuit 
were both 0.30 mm as described above, both of them can be reduced to 0.25 mm or below by the process 
of the present invention for the surface treatment with the metal. Further according to the process of the 
present invention, the circuit has a high adhesion and a precision fine-line circuit can be produced by the 

so subtractive method. 

The liquid-crystal polyester of the present invention is a melt-processable polyester. Its molecular 
chains are regularly arranged in parallel in a molten state. Such an arranged state of the molecules is called 
a liquid crystal or a nematic phase of a liquid-crystal substance. These polymer molecules are usually 
slender and flat and have a considerably high rigidity along the major axes of the molecules. The polymer 
55 usually has chain-extending linkages which are coaxial or in parallel. 

The properties of the anisotropic molten phase can be confirmed by an ordinary polarimetric method 
using crossed nicols. In particular, the anisotropic molten phase can be confirmed by observing a molten 
sample thereof placed on a Leitz hot stage of a Leitz polarizing microscope at x40 magnification in a 
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nitrogen atmosphere. The polymer of the present invention transmits polarized light even in a molten static 
state when It is inspected between crossed nicols, i.e., it is optically anisotropic. 

The liquid-crystal polymers suitably used in the present invention are substantially insoluble in an 
ordinary solvent and, therefore, unsuitable for the solution processing. However, these polymers can be 
easily worked by an ordinary melt processing method as described above. 

Preferred polymers capable of forming an anisotropic molten phase used in the present invention are 
not only aromatic polyesters and aromatic polyesteramides but also polyesters partially comprising an 
aromatic polyester and an aromatic polyesteramide in the same molecular chain. 

Particularly preferred are liquid-crystal aromatic polyesters and liquid-crystal aromatic polyesteramides 
comprising as a constituent at least one compount selected from the group consisting of aromatic hydroxy 
carboxylic acids, aromatic hydroxy amines and aromatic diamines. 

In particular, the polymers used in the present invention include: 

1) polyesters mainly comprising one or more compounds selected from the group consisting of aromatic 
hydroxy carboxylic acids and derivatives thereof, 

2) polyesters mainly comprising: 

a) one or more compounds selected from the group consisting of aromatic hydroxy carboxylic acids . 
and derivatives thereof, 

b) one or more compounds selected' from the group consisting of aromatic dicarboxylic acids, 
alicyclic dicarboxylic acids and derivatives thereof, and 

c) one or more compounds selected from the group consisting of aromatic diols, alicyclic diols. 
aliphatic diols and derivatives thereof; 

3) polyesteramides mainly comprising: 

a) one or more compounds selected from the group consisting of aromatic hydrozy carboxylic acids 
and derivatives thereof, 

b) one or more compounds selected from the group consisting of aromatic hydroxy amines, aromatic 
diamines and derivatives thereof, and 

c) one or more compounds selected from the group consisting of aromatic dicarboxylic acids, alicyclic 
dicarboxylic acids and derivatives thereof, and 

4) polyesteramides mainly comprising: 

a) one or more compounds selected from the group consisting of aromatic hydroxy carboxylic acids 
and derivatives thereof, 

b) one or more compounds selected from the group consisting of aromatic hydroxy amines, aromatic 
diamines and derivatives thereof, 

c) one or more compounds selected from the group consisting of aromatic dicarboxylic acids, alicyclic 
dicarboxylic acids and derivatives thereof, and 

d) one or more compounds selected from the group consisting of aromatic diols, alicyclic diols, 
aliphatic diols and derivatives thereof. 

Preferred examples of the compounds constituting the liquid-crystal polyesters of the present invention 
include naphthalene compounds such ase 2,6-naphthalene-dicarboxyIic acid, 2,6-dihydroxynaphthalene, 1- 
4-dihydroxynaphthaIene and 6-hydroxy-2-naphthoic acid; biphenyl compounds such as 4,4-dihydrox- 
ybiphenyl; compounds represented by the following general formulae (I), (II) or (III): 




( i ) 




( n ) 



55 




(m) 
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wherein X represents an alkylene group having 1 to 4 carbon atoms, an alkylidene group, -O-, -SO-, -SO2-, 
-S-, or -CO-, and 

Y represents -(CH 2 ) n - in which n is 1 to 4 or -0(CH 2 ) n O- in which n is 1 to 4; 

p-substituted benzene compounds such as p-hydroxybenzoic acid, terephthalic acid, hydroquinone, p- 
5 aminophenol and p-phenylenediamine each having a nucleus which may be substituted with a chlorine, 
bromine, methyl, phenyl or 1 -phenylethyl group; and m-substituted benzene compounds such as isophthalic 
acid and resorcinol. 

The liquid-crystal polyester used in the present invention may comprise, in addition to the above- 
described constituents, a poiyalkylene terephthalate which does not form any anisotropic molten phase in 

10 the same molecular chain. The alkyi group of the poiyalkylene terephthalate has 2 to 4 carbon atoms. 

Among the above-described constituents, one or more compounds selected from the group consisting 
of the naphthalene compounds, biphenyl compounds and p-substituted benzene compounds are preferably 
used as the indispensable constituents. Among the p-substituted benzene compounds, particularly preferred 
are p-hydroxybenzoic acid, methylhydroquinone and 1-phenyiethylhydroquinone. 

75 Examples of the compounds having ester forming functional groups as the constituent and polyesters 
capable of forming an anisotropic molten phase preferably used in the present invention are described in 
Japanese Patent Publication No 36633/1988. 

The liquid-crystal polyesters preferably used in the present invention have usually a weight-average 
molecular weight of about 2,000 to 200,000, preferably about 10,000 to 50,000 and particularly preferably 

20 about 20,000 to 25,000. The preferred aromatic polyesteramides have a molecular weight of usually about 
5,000 to 50,000, preferably about 10,000 to 30,000, for example, 15,000 to 17,000. The molecular weight 
can be determined by gel permeation chromatography or another standard method wherein no polymer 
solution is formed, such as infrared spectrophotometry wherein the terminal group of a compression-molded 
film is determined. In another method of determining the molecular weight, the molecular weight is 

25 determined by dissolving the sample in pentafludrophenol by the light scattering method. 

A 0.1 wt.% solution prepared by dissolving the aromatic polyester of polyesteramide in pen- 
tafluorophenol at 60° C has usually an inherent viscosity (I.V.) of at least about 2.0dl/g, for example, about 
2.0 to 10.0dl/g. 

In the present invention, the above-described inorganic fillers (finely pulverized inorganic filler and 
30 fibrous inorganic substance) can be used in combination with various inorganic substances in order to 
improve the properties of the produce. These inorganic substances are preferably used to form a molding 
having excellent mechanical properties, thermal resistance and dimensional stability (resistance to deforma- 
tion and warping). The inorganic substances used may be powdery, granular or platy depending on the 
purpose. 

35 The powdery or granular inorganic substances include carbon black, graphite, silica, quartz powder, 
glass bead, glass balloon, glass powded, metal oxides such as iron oxides, ferrite, silicon carbide, silicon 
nitride and boron nitride. 

The platy inorganic substances include mica, glass flake and various metal foils. 

These inorganic substances to be used in combination with inorganic filler are used either alone or in 
40 combination of two or more of them. 

From the viewpoints of the moldability and physical properties it is preferred that the total amount of the 
inorganic filler and the inorganic substance does not exceed 85% by weight based on the total weight of 
the composition to be molded. It is desirable to use the inorganic filler and the inorganic substance in 
combination with a binder or surface treatment, if desired. 
45 Another thermoplastic resin can be incorporated into the composition of the present invention so far as 
the object of the invention is not hindered within the scope of the present invention. 

The thermoplastic resins usable herein are not particularly limited. They include polyolefins such as 
polyethylene and polypropylene, polyacetals (homopoiymers and copolymers), polystyrene, polyvinyl chlo- 
ride, polyacrylic esters and copolymers of them, polyamides, polycarbonates, ABS, polyphenylene oxides, 
50 polyphenylene sulphides and fluororesins. The thermoplastic resins can be used either alone or in the form 
of a mixture of two or more of them. 

The resin composition may further contain known additives usually added to thermoplastic and 
thermosetting resins such as plasticizers, stabilizers (such as antioxidants or ultraviolet absorbers), antistatic 
agents, surface treatment agents, surfactants, flame retardants, colorants (such as dyes or pigments), 
55 lubricants for improving- the fluidity and releasability and crystallization promoters (nucleating agents) 
depending on the required properties. 

The molding produced by the process of the present invention is, for example, a board for use in 
forming a pin grid array (PGA), a board having a pin inserted thereinto or a molded board for use in forming 
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a printed wiring board. The shape thereof is not particularly limited and can conveniently be a plate, cube, 
film or sheet. 

As described above, according to the process of the present invention for the surface treatment of a 
liquid-crystal polyester resin molding with a metal, wherein the etching pretreatment is conducted, a 

5 precision fine-line circuit (having a line width of 0.23 mm or below and a space width of 0.25 mm or below) 
can be produced by the subtracttve method. The surface layer of the product is not easily peeled off. The 
product has a uniform, dense surface structure. The adhesion of the metallic coating to the surface is higher 
than that obtained without the etching treatment. The problem of peeling at a high temperature which is 
caused by a difference in the thermal expansion coefficient between the resin and the metal is solved, 

10 though the inhibition of the peeling has been difficult when an ordinary thermoplastic resin is used. Dipping 
in a soldering bath (time: about 10 sec) is also possible. Thus the process of the present invention can be 
applied to the fields related to printed circuit moldings. 

16 Examples 

The following non-limiting Examples will further illustrate the present invention. 

The liquid crystal polyesters A to F used in the Examples comprised the following structural units: 
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(The numerals refer to the molar ratio) 



so 



Examples 1 to 12 and Comparative Examples 1 to 7 



One of the liquid-crystal polyester resins A to F which will be described below was kneaded together 
with a filler listed in Tables 1 and 2 in terms of % by weight based on the whole composition by melt 
blending with an extruder to form pellets. The pellets were dried at 140° C for 3 hours and molded into flat 
55 plates having a size of 50mm x 70mm x 3mm with a molding machine having a mold of a controlled 
temperature. 

The flat plates (base plates) thus formed were subjected to an etching pretreatment as described below 
and then to the surface metal coating treatment by the following methods: 
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1) Vacuum deposition - the above plate was placed in a reduced pressure chamber of a vacuum 
deposition apparatus (EX 500; manufactured by ULVAC Corporation) and the chamber was evacuated to 
533 uPa (4X10- 6 Torr). 

The surface temperature of the molding was adjusted to a predetermined value with a halogen lamp for 
heating the molding placed in the chamber. Metallic copper was evaporated with electron beams to form 
a thin metallic copper coating (thickness: 3 to Sum) on the surface of each plate. After the completion of 
the deposition, the formed board was cooled and taken out. 

2. Sputtering : the molding was placed in a reduced pressure chamber of a sputtering apparatus (8ES: 
manufactured by Tokuda Seisakujo Ltd). After evacuation to 400 uPa (3 x 10~ 6 Torr), argon gas was 
introduced thereinto and the equilibrium pressure was adjusted to 667 mPa (5 x 10~ 3 Torr). After the 
plate temparture was adjusted to a predetermined value with a halogen lamp, the plate was rotated at 1 0 
rpm and the molding set on the plate was subjected to sputtering with a metallic copper target 100mm 
distant from the molding to form a thin metallic copper coating. 

3) Ion plating : a reduced pressure chamber of an arc discharge type ion plating apparatus (AIF-850 SB; 
manufactured by Shinko Seiki Co Ltd) was evacuated to 400 uPa (3 x 10~ e Torr). The temperature of the 
molding on the plate set in the chamber was adjusted to a predetermined value and a thin metallic 
copper coating was formed theron by ion plating. The ionization current was 100mA and the vacuum 
deposition rate was 0.5jzm/min. 
The etching was conducted by the following methods: 

1) Plasma etching : a reduced pressure chamber of a plasma treatment apparatus (PV-10 S; manufac- 
tured by Samco International Inc) was evacuated to 133 ixPa (1 x 10~ 6 Torr). Oxygen gas was 
introduced thereinto (flow rate: 50 SCCM) to form an oxygen plasma therein with a high-frequency 
electrode apparatus (13.56 MHz) and the surface of the flat plate was physically roughened with the 
plasma. The treatment conditions comprised 170 W x 10 min (the reduced pressure in an oxygen 
atmosphere: 8 Pa or 6 x 10~ 2 Torr). The temperature of the base plate was 35* C. 

2 ) s P- utter etching : a reduced pressure chamber of a sputtering treatment apparatus (B ES; manufac- 
tured by Tokuda Seisakujo Ltd) was evacuated to about 133 uPa (10""* Torr). Argon gas was introduced 
thereinto at a rate controlled so that the reduced pressure was 133 mPa (1 x 10~ 3 Torr). A negative 
voltage was applied to a holder of the molding to conduct discharge. The molding on the base plate was 
etched with the plasma cation for 10 min. The temperature of the base plate was 30* C. 

3) Ion etching : an ion plating apparatus was used. Before conducting the ion plating, a reduced pressure 
chamber thereof was evacuated to about 133 uPa (10~ 6 Torr). Argon gas was introduced into the 
reduced pressure chamber. A direct current voltage (1.3 kV) was applied between the base plate to 
which the molding was fixed and an opposing electrode so that the plate side would be negative to 
conduct the ion etching by an ion bombardment with argon gas. 

This treatment was conducted for 10 minutes under conditions comprising a degree of vacuum of the 
argon gas atmosphere of 133 mPa (1 x 10~ 3 Torr), a base plate temperature of 200 *C and a current 
value of 0.3 mA. 

4) Alkali etching : the molding was degreased and the surface of the molding was etched with an alkali 
bath and washed with water. It was then immersed in a dilute hydrochloric acid solution to neutralize a 
remaining alkali, washed with water and dried at 150* C for 1 hour. 
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degreasing 



washing with 
water 



V 

etching 



washing with 
warm water 



50g/l of Ace Clean A-220, 
55°C, 5 min 



650 to 800g/l of potassium 
hydroxide, 60°C, 50 to 30 min 



neutralization 



washing with 
water 



drying 



50ml/l of 36% hydrochloric 
acid, room temperature, 2 min 



hot air, 150°C, 1 hour. 



immediately after the surface treatment with the metal, the molded plate was electroplated with copper to 
form a metallic coating having a thickness of 30 to 40um, since the peeling strength of the plate per se 
could not be determined. It was cut into strips having a width of 5mm with a knife and the peeling 
strength of the strip was measured with a spring scale. The peeling rate was 50 mm/min. The results are 
shown in Tables 1 and 2 
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Claims 

5 

1. A process for producing a molding capable of forming a precision fine-line circuit by the subtractive 
method, characterized in that a molding prepared by molding a liquid-crystal polyester resin composition 
comprising a melt-processable polyester (liquid-crystal polyester) capable of forming an anisotropic molten 
phase and an inorganic filler added thereto is etched and then treated to form a metallic coating on the 

70 surface thereof by sputtering, ion plating or vacuum deposition. 

2. A process for producing a molding according to claim 1, wherein an acid, an alcohol, an alkali or water or 
a homogeneous mixture of two or more of them is used in the etching treatment. 

3. A process for producing a molding according to claim 1, wherein the etching is plasma etching, sputter 
etching or ion etching. 

rs 4. A process for producing a molding according to any of claims 1 to 3, wherein the inorganic filler is one or 
more finely pulverized inorganic fillers selected from either the group consisting of the Group II elements of 
the periodic table and their oxides, sulphates, phosphates, silicates and carbonates or the group consisting 
of aluminium silicon, tin, lead, antimony and bismuth elements and their oxides, and the amount thereof is 5 
to 80% by weight based on the whole composition. 

20 5. A process for producing a molding according to claim 4, wherein the finely pulverized inorganic filler has 
an average particle diameter ranging from 0.01 to 100um. 

6. A process for producing a molding according to any of claims 1 to 3, wherein the inorganic filler is a 
fibrous inorganic sunstance having a diameter ranging from 1 to 30um and a length ranging from Sum to 
1um, and the amount thereof is 1 to 60% by weight based on the whole composition. 

25 7. A process for producing a molding according to claim 1, wherein the inorganic filler is a combination of 
one or more finely pulverized inorganic fillers selected from either the group consisting the Group II 
elements of periodic table and their oxides, sulphates, phosphates, silicates and carbonates or the group 
consisting of aluminium, silicon, tin, lead, antimony and bismuth elements and their oxides with a fibrous 
inorganic substance, and the total amount of them is 85% by weight or below based on the whole 

30 composition. 

8. A process for producing a molding according to claim 6 or 7, wherein the fibrous inorganic substance is 
glass fiber, milled glass fiber or potassium titanite fiber. 

9. A process for producing a molding according to any preceding claim, wherein the molding is formed by a 
molding means selected from among injection molding, extrusion molding and compression molding. 

35 10. A process for producing a molding according to any preceding claim, wherein the molding is one for 
use in forming a pin grid array (PGA), is a board having a pin inserted thereinto or is a molded board for 
printed wiring. 

11. A process for producing a molding according to any preceding claim, wherein the molding is in the form 
of plate, cube, film or sheet. 

40 12. A molding which is capable of forming a precision fine-line circuit by the subtractive method whenever 
prepared according to a process as claimed in any preceding claim. 
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